Members of the genus Sigmodon occur throughout the grasslands and savannas of the south-central United States, Mexico, Central America, and northern South America. Despite their relative abundance and common occurrence, phylogenetic relationships among the 12 currently recognized species of Sigmodon are poorly understood. The lack of morphological differentiation among species (Allen 1897 (Allen , 1906 Bailey 1902; Baker 1969; Nelson and Goldman 1933) and the absence of studies including taxa from both North and South America have contributed to the rudimentary knowledge of cotton rat relationships.
Early systematic work focused on the North American species of Sigmodon, with recognition of the hispidus (seminaked tail) * Correspondent: rbradley@ttacs.ttu.edu and fulviventer (hairy tail) species groups (Bailey 1902) . Initially, the hispidus species group contained 14 subspecies of S. hispidus along with S. alleni, whereas the fulviventer species group was composed of S. fulviventer, S. ochrognathus, and S. leucotis (Bailey 1902) . Similarly, Baker (1969) suggested that S. ochrognathus, S. fulviventer, and S. leucotis represented descendants of a Mexican Plateau form of S. hispidus, whereas S. alleni was derived from a Pacific lowland form of S. hispidus.
After the elevation of S. h. arizonae and S. h. mascotensis to specific status, Elder (1980) , Elder and Lee (1985) , and Zimmerman (1970) concluded that G-and Cband karyotype patterns indicated that S. hispidus, S. leucotis, S. alleni, S. ochrognathus, S. arizonae, and S. mascotensis comprised the hispidus species group. Elder and Lee (1985) further hypothesized that S. fulviventer should be recognized as the sole member of the fulviventer species group. This arrangement supported serological data (Fuller et al. 1984) where S. fulviventer had the largest immunological distance, S. ochrognathus, S. leucotis, and S. alleni were approximately equidistant, and S. arizonae and S. mascotensis had the smallest immunological distances from S. hispidus serum albumin. Similarly, Dalby and Lillevik (1969) documented sufficient variation in the electrophoretic blood serum patterns of transferrins, prealbumins, and postalbumin components to distinguish among S. alleni, S. fulviventer, S. hispidus, S. leucotis, and S. ochrognathus. Consequently, they concluded that S. alleni was most closely related to samples of S. hispidus, whereas S. leucotis appeared to be the most differentiated taxon examined. Dickerman (1992) used DNA hybridization to assess the interrelationships among 39 genera of New World rodents, including 5 species of Sigmodon (S. hispidus, S. arizonae, S. ochrognathus, S. fulviventer, and S. alstoni) . Phylogenetic relationships indicated that populations of S. hispidus formed a group, with S. arizonae, S. ochrognathus, and S. fulviventer attaching in a stepwise manner. A complete series of interspecific comparisons was not available for S. alstoni; however, hybridization data indicated that S. alstoni was the most basal taxon of the genus (Dickerman 1992) .
A recent DNA sequence study provided evidence of cryptic speciation among S. hispidus subspecies (Peppers and Bradley 2000) . These authors reported substantial sequence divergence among 8 subspecies of S. hispidus and suggested that 3 cryptic species were present in the taxon recognized as S. hispidus. One occurred in the United States (S. hispidus), a 2nd in southern Mexico (S. toltecus), and a 3rd in Central and South America (S. hirsutus).
Despite many studies on cotton rats, only 2 (Martin 1979; Voss 1992) have examined the status of cotton rats from South America. Martin (1979) used dental characteristics to delineate taxa into 2 species groups: S. hispidus (S. hispidus, S. ochrognathus, S. alleni, S. fulviventer, S. mascotensis, and S. arizonae) and S. leucotis (S. leucotis, S. peruanus, and S. alstoni) . Voss (1992) conducted extensive morphological analyses on South American specimens and concluded that 4 valid species (S. alstoni, S. peruanus, S. inopinatus, and S. hispidus) occur in South America. Voss (1992) further concluded that S. peruanus was most closely related to S. hispidus, S. inopinatus was the sister taxon to the S. peruanus-S. hispidus clade, and S. alstoni was the most divergent of South American cotton rats.
The purpose of this study was to provide a comprehensive examination of the phylogenetic relationships among S. alleni, S. alstoni, S. arizonae, S. fulviventer, S. hirsutus, S. hispidus, S. leucotis, S. mascotensis, S. ochrognathus, S. peruanus, and S. toltecus. DNA sequence data from the mitochondrial cytochrome-b gene was used to reconstruct phylogenies and infer the possible biogeographical history of the genus Sigmodon.
MATERIALS AND METHODS
Specimens were collected from natural populations, or tissues were borrowed from collaborative institutions (Appendix I). Identification of most specimens was confirmed by morphological and karyotypic data. Despite exhaustive efforts to obtain multiple samples, only single representatives for S. alleni, S. leucotis, and S. peruanus were obtained. For all other taxa, 2 specimens were examined. Attempts to obtain quality DNA sequence data from a museum skin of S. inopinatus were unsuccessful; therefore, S. inopinatus was not included in this study. Although additional samples of each taxon might provide insight into within-species genetic variation, this would require many samples from throughout the putative range of each taxon and is beyond the current scope of this study.
Mitochondrial DNA was extracted from frozen tissue samples, using the Wizard Miniprep kit (Promega, Madison, Wisconsin). The poly-merase chain reaction (PCR-Saiki et al. 1988) was used to amplify the entire cytochrome b gene, using the following parameters: 27 cycles of 95ЊC denaturation (1 min), 50ЊC annealing (1 min), and 72ЊC extension (2 min) and a final 72ЊC extension (7 min) cycle. Two primers (MVZ05 and H15915- Irwin et al. 1991; Smith and Patton 1993) were used for PCR amplification. PCR products were ligated and cloned using the TA cloning kit (Strategene , La Jolla, California). Nucleotide sequences of both strands were obtained using the following primers: MVZ05, L15162, and H15915 (Irwin et al. 1991; Smith and Patton 1993) , SIG270, SIG610, WDRAT1100, 700H, and 700L (Peppers and Bradley 2000) , 752R , and CYTb870R (ATGGAGCGTAGA/GATA/GGC-GTAGGC). Manual sequencing followed the dideoxy chain-termination method of Sanger et al. (1977) . At least 2 clones were examined per individual to ensure accurate assessment of nucleotide composition. Some individuals included in this study were amplified in the manner described previously and sequenced using the ABI Prism dRhodamine terminator ready mix (PE Applied Biosystems, Foster City, California). Samples were analyzed on an ABI Prism 310 Genetic analyzer (PE Applied Biosystems). DNA sequences were aligned using MacVector (MacVector 4.17 program-Kaufman et al. 1995) or Sequencher 3.0 software (Gene Codes, Corp., Ann Arbor, Michigan). All sequences were deposited in GenBank and are referenced in Appendix I.
Given the apparent basal position of Sigmodon relative to other sigmodontines (Engel et al. 1998; Smith and Patton 1999) , it was difficult to ascertain the most appropriate outgroup. Therefore, several combinations of taxa examined by Smith and Patton (1999) were evaluated for usefulness as potential outgroups. These included Thomasomys gracilis (AF108674), Irenomys tarsalis (U03534), Microryzomys minutus (AF108698), Eligmodontia morgani (AF1086 91), and Delomys sublineatus (AF108687). These potential outgroups were examined under parsimony and maximum-likelihood frameworks (PAUP*, version 4.0b8-Swofford 2001) to identify the putative sister taxon for Sigmodon. Both types of analyses typically placed Irenomys as sister to a clade containing all members of the genus Sigmodon. This clade had low bootstrap support (Ͻ50) in the parsimony analysis, and based on the Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999), the likelihood score was not significantly better (P Ͼ 0.01) than that generated by constraining other potential outgroup taxa as sister to Sigmodon. Therefore, we adopted a conservative approach and used Peromyscus leucopus (GenBank accession number AF131926-Tiemann- as the outgroup taxon. T. gracilis, I. tarsalis, M. minutus, E. morgani, and D. sublineatus were included in all analyses to assist in providing structure and resolution for ingroup taxa. All analyses were conducted using PAUP* (Swofford 2001) , with variable nucleotide positions treated as unordered, discrete characters with 4 possible character states, A, C, G, or T.
Several maximum-likelihood models were examined using the MODELTEST program (Posada and Crandall 1998). This test used likelihood scores to determine the model of DNA evolution that best fits the data. The GTRϩIϩ⌫ model generated significantly better likelihood scores and therefore was used in all likelihood analyses. The model included the proportion of invariable sites (0.4444) and gamma shape parameter (0.7142).
For parsimony analyses, 3 separate weighting schemes were employed. First, all characters were weighted equally. Second, transitions were downweighted relative to transversions by a factor of 3.46. This ratio was calculated using maximum-likelihood estimates of transition-transversion biases (ti/tv) for ingroup taxa based on the proportion of informative changes per position (Kimura 1980) . Third, nucleotide positions were weighted differentially using the ratio 5.1: 14.9:1 for the 1st, 2nd, and 3rd positions. Phylogenetically uninformative characters were eliminated from all parsimony analyses, and differential weighting schemes were set in MacClade (Maddison and Maddison 1992) . Bootstrap analyses (Felsenstein 1985) , with 1,000 replicates, were used to assess nodal support. Bremer support indices (Bremer 1994) were calculated using the Autodecay analysis program (Eriksson 1997) .
Genetic distances were generated using the Tamura-Nei (Tamura and Nei 1993) nucleotide substitution model in order to estimate time since divergence values. The Tamura-NeiϩIϩ⌫ model of evolution, identified by MODELTEST (Posada and Crandall 1998) as the most appropriate genetic distance model, was used to con- Table 1 ) are below the branches. struct a neighbor-joining tree (Saitou and Nei 1987) .
RESULTS
Nucleotide sequence data from the mitochondrial cytochrome-b gene were generated for 23 individuals, representing 11 of the 12 species in the genus Sigmodon. Of the 1,143 base pairs comprising this gene, 446 sites were phylogenetically informative. Of the informative sites, 93 occurred at the 1st codon position, 31 at the 2nd position, and 322 at the 3rd position. An examination of nucleotide frequencies at informative sites (A, 25.8%; C, 40.5%; G, 5.2%; and T, 28.5%) indicated a paucity of guanine bases typical of the cytochrome-b gene in most rodent taxa (Edwards et al. 2001; Irwin et al. 1991; Lessa and Cook 1998; Peppers and Bradley 2000; Thomas and Martin 1993) . In all analyses, multiple samples of the same species formed sister taxon relationships.
The maximum-likelihood analysis (Ϫln L 10,235.02), using the GTRϩIϩ⌫ model, produced the topology shown in Fig. 1 . Three clades were recognized; the 1st (I) contained 7 species (S. alleni, S. hirsutus, S. toltecus, S. arizonae, S. mascotensis, S. hispidus, and S. ochrognathus), the 2nd (II) contained 3 species (S. fulviventer, S. leucotis, and S. peruanus), and the 3rd (III) contained only S. alstoni. Within clade I, a minor clade (A) was depicted, with S. alleni forming a sister relationship with S. hirsutus, followed by the addition of S. toltecus. This clade was sister to a 2nd minor clade (B) that depicted S. arizonae and S. mascotensis as sister taxa, followed by the addition of S. hispidus. S. ochrognathus was the basal member of this larger clade (I). Within clade II, S. leucotis and S. fulviventer were sister taxa, followed by the stepwise addition of S. peruanus. Clades I and II formed a sister relationship followed by the addition of clade III (S. alstoni).
In the parsimony analyses, 2 most-parsimonious trees were obtained when characters were equally weighted and when positions were weighted by a factor of 5.1: 14.9:1, whereas a single most-parsimonious tree was generated when transitions were downweighted by a factor of 3.46. Strict consensus trees were generated from the 2 most-parsimonious trees from the equally weighted and positional-weighted analyses. Topologies for the ingroup taxa in all 3 of these analyses were identical to each other and to that depicted in the maximum-likelihood analysis (Fig. 1) , except for the relationships within the clade containing the subspecies of S. hirsutus. The consensus trees generated for the equally weighted and positional-weighting analyses produced an unresolved trichotomy involving S. h. chiriquensis, S. h. borucae, and S. h. griseus, whereas S. h. borucae and S. h. gri- seus were sister taxa in the analysis where transitions were downweighted. Topologies generated in the parsimony analyses are not shown, given their similarity to the topology obtained from the maximum-likelihood analysis. Typically, bootstrap and Bremer support indices (shown in Fig. 1 ) were high for most terminal nodes and for clade I, whereas most basal nodes received relatively low support.
Estimates of genetic distances obtained from the Tamura-NeiϩIϩ⌫ (Posada and Crandall 1998; Tamura and Nei 1993) model of evolution were used to construct a neighbor-joining tree (Saitou and Nei 1987) . The topology of this tree was identical to that obtained in the maximum-likelihood ( Fig. 1) and parsimony analyses.
Average genetic distances (Tamura and Nei 1993; Table 1 ) for within species comparisons ranged from 0.0% for the 2 samples of S. alstoni to 5.3% for the 2 samples of S. toltecus. Between species comparisons ranged from 8.6% (S. arizonae to S. mascotensis) to 21.5% (S. alstoni to S. fulviventer). Average genetic distances between taxa and clades are shown in Fig. 1 .
DISCUSSION
Phylogenetic relationships of cotton rats.-The phylogenetic relationships obtained from the cytochrome b nucleotide sequences generated in this study (Fig. 1) did not support previous arrangements (Baker 1969; Baker and Shump 1978a, 1978b; Dalby and Lillivek 1969; Elder and Lee 1985; Hall 1981; Baker 1978a, 1978b) of Sigmodon. However, Bailey's (1902) hispidus and fulviventer groups and Martin's (1979) hispidus and leucotis species groups were similar to those obtained in this study. The various classifications and recommended taxonomic changes are dis-cussed below relative to the topology presented in Fig. 1 .
Sigmodon hispidus species group.-Based on the phylogenies produced in this study, the hispidus species group should be expanded to include the following taxa: S. alleni, S. arizonae, S. hirsutus, S. hispidus, S. mascotensis, S. ochrognathus, and S. toltecus. This arrangement is similar to that proposed by Bailey (1902) , with the exception of the inclusion of S. ochrognathus, which Bailey placed in the fulviventer group. Bailey's hispidus group was evaluated by constraining S. ochrognathus into the fulviventer group and testing the topology with that obtained from the unconstrained tree (Fig. 1 ). This analysis, using the Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999) , generated lower but not significantly different likelihood scores (P Ͼ 0.05). Likewise, the proposed arrangement of the hispidus group is similar to that of Martin (1979) , with the exception that Martin included S. fulviventer in the hispidus species group (discussed subsequently). Evaluation of Martin's arrangement versus the topology in Fig. 1 generated lower but not significantly different likelihood scores (P Ͼ 0.05). Although the proposed hispidus group does not differ significantly from the 2 alternative arrangements of Bailey (1902) and Martin (1979) , all analyses of cytochrome b sequences (likelihood, parsimony, and genetic distance) consistently generated the relationships depicted in Fig. 1 .
Within the hispidus species group, several proposed relationships merit discussion. First, the elevation of S. hirsutus and S. toltecus to species status by Peppers and Bradley (2000) is warranted; otherwise S. hispidus forms a paraphyletic group with S. arizonae and S. mascotensis. Based on our study, S. hirsutus is sister to S. alleni, followed by the addition of S. toltecus, whereas S. hispidus is sister to a clade containing S. arizonae and S. mascotensis. A 2nd means of avoiding a paraphyletic group (alternative to the elevation of S. hirsutus and S. toltecus to species) would be to relegate S. arizonae and S. mascotensis to subspecies of S. hispidus. We favor the former arrangement, given the data provided by Zimmerman (1970) and the high level of sequence divergence reported in Peppers and Bradley (2000) and herein. Second, several lines of evidence support the association of S. ochrognathus to the hispidus species group. For example, Fuller et al. (1984) demonstrated that S. ochrognathus had a smaller immunological distance to S. hispidus than to S. fulviventer. Additionally, Elder and Lee (1985) reported that G-and C-band chromosomal patterns for S. ochrognathus are distinguishable from that for S. hispidus on the basis of additional heterochromatic short arms, although no appreciable change in euchromatic banding patterns existed. Third, the inclusion of S. alleni within the hispidus species group is well supported because it is the sister taxon to S. hirsutus in all analyses generated in our study. Further, Dalby and Lillivek (1969) proposed that S. alleni was the taxon most closely related to S. hispidus (including taxa now recognized as S. hirsutus and S. toltecus). Fourth, Carleton et al. (1999) reevaluated morphologic variation in Sigmodon from western Mexico and concluded that S. hispidus does not occupy the Pacific versant region. Instead, they reassigned 2 of the subspecies of S. hispidus from southwestern Mexico to S. mascotensis. Although the cytochrome-b data support the premise of Carleton et al. (1999) that the western and southern Mexican forms are not aligned with S. hispidus, our data and those of Peppers and Bradley (2000) do not support an affiliation of some of these forms with S. mascotensis. Instead, the cytochrome-b data support a relationship among the southern Mexican, Central American, and South American forms (S. hirsutus and S. toltecus) to S. alleni; whereas S. mascotensis is placed as the sister taxon to S. arizonae. Obviously, the taxonomy of entities from southern Mexico is complicated, and further sampling is needed to resolve these issues. Fifth, the relationship between S. mascotensis and S. arizonae supports previous allozyme, chromosomal, and immunologic data (Elder 1980; Fuller et al. 1984; Johnson et al. 1972) .
Sigmodon fulviventer species group.-The fulviventer group, as classically defined, contained S. fulviventer, S. leucotis, S. alleni, and S. ochrognathus (Baker 1969; Baker and Shump 1978a, 1978b; Hall 1981; Baker 1978a, 1978b) . However, in all analyses of the cytochrome-b gene, S. alleni and S. ochrognathus aligned with the hispidus group (as discussed previously) and therefore should not be aligned with the fulviventer group. Additionally, this arrangement differs from the leucotis group of Martin (1979) in that it includes S. fulviventer and excludes S. alstoni (discussed under alstoni species group). Martin (1979) placed S. fulviventer within the hispidus species group, based on the lack of morphologic differentiation from S. hispidus. As other members of the fulviventer group appear to be united by a series of dental plesiomorphies absent in S. fulviventer, it is appropriate to question the affiliation of this taxon. Did S. fulviventer independently evolve more advanced character states, which make its dentition virtually indistinguishable from S. hispidus-like taxa (Martin 1979) ? Alternatively, did S. fulviventer develop a rapidly evolving genome, as evidenced by a radically reorganized karyotype (Elder and Lee 1985) , divergent immunologic patterns (Fuller et al. 1984) , and an estimated date of divergence from S. leucotis that exceeds estimates for most nodes in the phylogeny (Table 1) ?
Sigmodon leucotis and S. fulviventer consistently are depicted as sister taxa in our analyses, although support (bootstrap and Bremer) for this association is moderate to low. No other studies have suggested that S. fulviventer and S. leucotis are closely related taxa; however, several studies have supported the basal nature of each taxon, respectively, to the remaining species of Sigmodon (Baker 1969; Dalby and Lillivek 1969; Dickerman 1992; Elder and Lee 1985; Fuller et al. 1984; Martin 1979) . S. leucotis, S. fulviventer, and S. peruanus exhibit high sequence divergence values (X ϭ 18.80%) in pairwise comparisons with other members of the genus (Table 1) , and it appears that these taxa represent the products of early cladogenic events. Therefore, a species group concept for S. leucotis, S. fulviventer, and S. peruanus better represents the evolutionary relationships of cotton rats, even though they represent both North and South American taxa.
Although molecular data are not available for S. inopinatus, and it was not included in Martin's (1979) or our study, it is logical to predict that it will occupy a phylogenetic association with the 3 species in clade II. Support for this hypothesis is evident in the morphologic study of South American cotton rats by Voss (1992) , where S. inopinatus occupied a phylogenetic position between S. peruanus and S. alstoni.
Sigmodon alstoni species group.-Historically, S. alstoni was placed in a separate genus, Sigmomys (Thomas 1901; Williams et al. 1983 ), because of its grooved incisors. Martin (1979) placed S. alstoni in the leucotis group with S. leucotis and S. peruanus. Similarly, Voss (1992) reported that S. alstoni was the most divergent member of the South American complex including S. hispidus (S. hirsutus in this study), S. inopinatus, S. leucotis, and S. peruanus. In our analyses, which included both North and South American forms, S. alstoni consistently was basal to the large clade containing the hispidus and fulviventer groups, refuting an association with the South American forms. Although the hispidus and fulviventer groups appear to be more closely related to each other than any group member is to S. alstoni, this relationship was not significantly different (P Ͼ 0.05, Shimodaira-Hasegawa test) .
Given the phylogenetic placement of S. alstoni outside the hispidus and fulviventer groups, 3 hypotheses appear appropriate for addressing this scenario. First, S. alstoni could be recognized as a separate genus (Sigmomys), as proposed by Handley (1976) and Thomas (1901) . Second, S. alstoni could be recognized as a separate subgenus (Sigmomys), following Husson (1978) and Williams et al. (1983) , whereas members of the fulviventer and hispidus species groups would be placed in a second subgenus (Sigmodon). Third, S. alstoni could be treated as a separate species group of equal status as the fulviventer and hispidus species groups. Given the strong bootstrap and Bremer support (Fig. 1) uniting S. alstoni as a sister taxon to the remaining members of Sigmodon, it is tempting to treat S. alstoni as a separate genus or subgenus. However, it is difficult to ascertain the magnitude of genetic variation sufficient to warrant generic or subgeneric status. For example, S. alstoni is no more divergent from the fulviventer and hispidus species groups (20.5% and 18.3%, respectively) than either of the latter are from each other (18.9%). Rejection of Sigmomys as a distinct taxon would be in agreement with the most recent assessment of S. alstoni (Voss 1992) . However, some distinction of S. alstoni is warranted, and recognition as a separate species group is the most apropos scenario at this time.
Divergence estimates and the origin of cotton rats.-Significant debate exists regarding the origin and zoogeographic history of sigmodontine rodents. Three primary theories have been developed involving early, intermediate, or late arrival of sigmodontines in South America following a North American origin. Several authors (Hershkovitz 1966 (Hershkovitz , 1969 (Hershkovitz , 1972 Reig 1980 Reig , 1984 Reig , 1986 Slaughter and Ubelaker 1984) hypothesized that ancestral sigmodontines arrived in South America 9-20 ϫ 10 6 years ago via overwater dispersal from North America, or possibly Africa, and then differentiated in South America. Marshall (1979) proposed an intermediate arrival theory in which sigmodontines evolved in North America, dispersed into South America 5-7 ϫ 10 6 years ago, and differentiated into contemporary forms. Baskin (1986) and Simpson (1950 Simpson ( , 1969 proposed that sigmodontines were recent invaders of South America from North American stock after the formation of the Panamanian Land Bridge (2.5-3.5 ϫ 10 6 years ago). Unfortunately, the fossil history of sigmodontines is ambiguous, with a paucity of South American fossils, especially those of sufficient age to address the arrival and radiation of sigmodontines. Consequently, most latearrival hypotheses are based upon fossil evidence of North American sigmodontines. The oldest fossil directly associated with cotton rat evolution is Prosigmodon oroscoi (Jacobs and Lindsay 1981) from Chihuahua, Mexico, dated from the late Hemphillian and early Blancan ages approximately 5 ϫ 10 6 years ago. The oldest fossil of a member of the genus Sigmodon comes from the Verde Formation of Arizona 4.2-4.4 ϫ 10 6 years ago (Czaplewski 1987) .
Using an average value of 3.5% (see Arbogast 1999; Arbogast and Slowinski 1998 for a discussion of divergence rates) as an approximation of the molecular rate of evolution in the rodent cytochrome-b gene, our data depict a genetic divergence of 24.21% between S. alstoni and Irenomys. This value translates into an estimated time of origin for the genus Sigmodon at approximately 6.91 ϫ 10 6 years ago (Table 1) . Similarly, Smith and Patton (1999) estimated that the divergence of South American sigmodontines occurred approximately 10-14 ϫ 10 6 years ago with the divergence of Sigmodon and Irenomys at approximately 7 ϫ 10 6 years ago (calculated from their figure 10). Engel et al. (1998) , using DNA sequence data from the ND3, ND4, and ND4L genes, estimated that South American sigmodontines radiated 9-14.8 ϫ 10 6 years ago, with Sigmodon first appearing 7.6-12.4 ϫ 10 6 years ago. Using DNA hybridization data, Catzeflis et al. (1992 Catzeflis et al. ( , 1993 estimated the origin of the Sigmodontini to be approximately 10 ϫ 10 6 years ago. Together, the molecular data support an origin of approximately 7-12 ϫ 10 6 years ago for cotton rats and suggest that they may occupy a basal position among South American sigmodontines.
Concerning the origin of Sigmodon, if one assumes that P. oroscoi (Jacobs and Lindsay 1981) represents the most immediate ancestor to Sigmodon, then a North American origin for Sigmodon seems most probable. This would imply that an S. alstoni-like ancestor arose in North America and dispersed to South America before the divergence time estimated for S. alstoni (5.4 ϫ 10 6 years ago; Table 1 ). However, as S. alstoni (South American in distribution) is the basal-most member of the extant species of Sigmodon, it may be that an S. alstoni-like ancestor arose in South America after the divergence of Sigmodon from a Prosigmodon-like ancestor. Given the lack of data for Sigmodon fossils, it is difficult to distinguish among these competing hypotheses concerning the origin of the genus.
The hispidus group originated from an S. ochrognathus-like ancestor, probably in Mexico, approximately 4.0 ϫ 10 6 years ago (Table 1) . These taxa form 3 clades: a basal S. ochrognathus clade, a S. alleni-hirsutustoltecus clade (A), and a S. arizonae-mascotensis-hispidus clade (B). Within clades A and B, the divergence times for species ranged from 2.5-3.9 ϫ 10 6 years ago (Table  1) . In this scenario, S. hirsutus would represent a relatively recent invasion into South America.
The most likely evolutionary scenario for the fulviventer group is that an S. peruanuslike ancestor arose in South America after the divergence of Sigmodon into the 3 separate lineages. After an initial radiation in South America, an S. peruanus-like ancestor subsequently reinvaded North America approximately 5.4 ϫ 10 6 years ago (Table  1) and gave rise to S. leucotis and S. fulviventer.
Our data indicate that an S. alstoni-like ancestor gave rise to the hispidus and fulviventer groups, both of which have North and South American distributions. This implies that exchange between North and South America has occurred at least once and that taxa from North America and South America do not form monophyletic clades. The Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999) was used to compare the topologies of trees in which taxa from South America (S. alstoni, S. hirustus, and S. peruanus) and North America (S. alleni, S. arizonae, S. fulviventer, S. hispidus, S. leucotis, S. mascotensis, S. ochrognathus, and S. toltecus) were constrained into monophyletic groups. Each constrained group was examined using likelihood techniques and tested for significance. The ''unconstrained tree'' was that obtained from the likelihood analysis. The 2 constrained groups were not significantly different from each other (P Ͼ 0.05); however, both were significantly different from the unconstrained topology (P Ͻ 0.05). This result provides support for rejecting the hypothesis that North and South American clades are monophyletic.
Taxonomic conclusions.-Data from the cytochrome-b gene indicate that Sigmodon comprises 3 species groups (alstoni, fulviventer, and hispidus). The alstoni group contains only S. alstoni; the fulviventer group contains S. fulviventer, S. leucotis, and S. peruanus; and the hispidus group contains S. alleni, S. arizonae, S. hirsutus, S. hispidus, S. mascotensis, S. ochrognathus, and S. toltecus . However, the relationships of these 3 species groups needs further evaluation because of the low bootstrap and Bremer support values. On the basis of the phylogenetic relationships proposed by Peppers and Bradley (2000) and herein, S. hirsutus and S. toltecus (formerly treated as subspecies of S. hispidus) should be recognized as species separate from S. hispidus. Additional studies are needed to resolve the composition and distribution of S. hirsutus, S. hispidus, and S. toltecus and to determine if cytochrome-b sequences accurately reflect the proposed phylogenetic relationships or whether this is simply a gene tree.
